Abstract. Functional similarity of catchments implies that we are able to identify the combination of processes that creates a similar response of a specific characteristic of a catchment. We applied the concept of functional similarity to the export of NO 
Introduction
Catchments are considered to be functionally similar if different combinations of the process controls result in the same response; the change in one process control is compensated for by a change in another process control. The uniqueness of the concept of functional similarity is that first, it provides a method that will enable us to state, a priori, the interactions of processes that will create the same response and, second, it provides a mechanistic basis for interpretation of the observed differences in the response (E. M. O'Loughlin, unpublished manuscript, 1991).
In this paper, we apply the concept of functional similarity to the export of NO•--N from catchments situated within the Turkey Lakes Watershed (TLW), a temperate forest in central Ontario, Canada. Despite a narrow range in the loading of N to the individual catchments, there is a wide range in the loss of N from the forest to surface waters ]. These catchments exhibit substantial variation in the concentrations
•Now at Departments of Plant Sciences and Geography, University trient cycling and routing dynamics as it influences (1) the formation of nutrient sink areas (areas that retain N) and source areas (areas that release N to adjacent waters) within the catchment, (2) the hydrologic flushing of these nutrient source and sink areas, and (3) the export of nutrients accompanying this formation and flushing [Murdoch and Stoddard, 1992; Stoddard, 1994; Hornberger et al., 1994; Boyer et al., 1995 Boyer et al., , 1996 Creed et al., 1996] .
In this paper, we hypothesize that NO•--N export is a function of the topographic complexity of the catchment as topography regulates both NO•--N formation processes and NO•--N flushing processes within the catchment. To test this hypothesis, we explore whether the similarity indices capture the observed variation in the export of NO•--N over a set of catchments representing the range in topographic complexity within the watershed. [Hornberger et al., 1994; Creed et al., 1996] . On the basis of this conceptual model, when the water table is low, N accumulates within the soil profile, resulting in small export of NO•--N to adjacent waters. As the water table rises, it "flushes" the soil profile, and NO•--N within the soil profile is available for export. As the water table reaches the soil surface, the water table flushes the organically enriched surface layers of the soil profile, resulting in potentially large export of NO•--N to adjacent waters, unless denitrification processes become significant. To test our conceptual model, we adopted a "hybrid" modeling approach in which we simulated indices that represent the hypothesized controls on the export of NO•--N and related these indices to the observed export of NO•--N.
Methods

In our conceptual model (Figure 2) the export of NO•--N is a function of the hydrologic flushing of NO•--N
Test Area
The test area is the Turkey Lakes Watershed (TLW), an old-growth sugar maple forest located in the Algoma High- Distributed canopy leaf area index (LAI) data were derived from LANDSAT TM data that were calibrated using a combination of DECAGON Sunfleck Ceptometer-derived and allometrically derived LAI data. Topographic attributes, including both primary (slope, aspect, elevation, contributing area) and secondary (catenary index) attributes, were derived from digital terrain analysis [Band, 1986 [Band, , 1989 . Soil attributes, including effective mineral soil depth (or rooting depth), saturated surface hydraulic conductivity Ks, and the rate of change of saturated surface hydraulic The N flush index is computed as S/S3o, the ratio of the current saturation deficit to the previous 30-day average saturation deficit. While S considers only the current day saturation deficit, S/S3o incorporates S, the rising and receding oscillations of S, and the frequency of the oscillations of S. The N flush index provides three possible scenarios: (1) If S/S3o < 1, the current day water table is higher than before, and saturated throughflow is rising into previously unsaturated parts of the soil profile (i.e., catchment is flushing), (2) if S/S3o > 1, the current day water table is lower than before, and saturated throughflow is receding (i.e., catchment is draining), and (3) if S/S3o = 1, there is no change in the water table relative to the previous 30-day period. The 30-day average saturation deficit is an appropriate length of time between consecutive flushings for the accumulation of substantial N in the soil profile for the Turkey Lakes Watershed [Creed et al., 1996] ; however, the optimal length of time will vary over the year. In addition, the optimal length of time will vary for different regions. Note that since S represents the catchment's average saturation deficit, intersection of a rising water table with the NO•--N within the soil profile can occur either when S is small (water table is high, and large flushing areas within the catchment are present) or when S is large but one tail of the distribution of soil saturation deficits is small (water table is low, but small flushing areas within the catchment are present).
Chemistry of Discharge Waters
For each catchment, total daily water discharge (mm/d) was derived from a continuously measured stream-gauge station equipped with a 90 ø or 120 ø V notch weir. Missing data (usually winter small flows) were estimated by linear regression with an adjacent catchment for which there was a complete record. Stream water samples were collected every 2 weeks during the winter, daily during spring snowmelt, and every week or every 2 weeks during the summer and autumn. Samples were collected at the same sampling point, in the center of the stream, during each visit. To remove particulate matter, each sample was filtered through a Whatman No. 41 filter that had been rinsed with distilled water. To determine the concentration of NO•--N, a 100-mL subsample was filtered through a 0.45-/xm Millipore membrane filter that had been washed with distilled water and stored without preservative at 2øC in glass containers that had been washed with acid water (0.1 N H2804) and rinsed with distilled water. The subsample was analyzed for NO•--N within 48 hours of collection by a cadmium reduction procedure using a Technicon AutoAnalyzer II-C+. To determine the concentration of calcium (Ca), a 100-mL subsample was stored without preservative at 2øC in polyethylene containers that had been washed with acid water (10% HNO3) and rinsed with distilled water. The subsample was analyzed for Ca within 7 days of collection by atomic absorption on a Varian 1275 spectrophotometer [Nicolson, 1988] . Figure 4d ). We hypothesized that the observed variation in the export of NO•--N among these catchments was due to factors intrinsic to each catchment (e.g., topographic complexity) rather than factors extrinsic to the catchments. We attempted to capture the observed variation in the export of NO•--N with similarity indices that capture both the intrinsic and extrinsic processes involved in the export of NO•--N from catchments.
Similarity in N Dynamics
By using our hybrid modeling approach, we generated response surfaces that represent the observed export of NO With the similarity indices we were able to predict NO•--N export from shallow, fast flow paths, during both the major spring melt and autumn storm hydrologic events and the minor summer hydrologic events. We were not able to predict NO•--N export from deep, slow flow paths. This presents a more significant modeling challenge, as it may require a model that captures the variable contributions of NO•--N from a basal till whose spatial dimensions are difficult to delineate. According to Stoddard's diagnostic stages of N saturation, depending on which catchment was used to make the diagnosis, the TLW catchments could be diagnosed as being in stage 0 (c37, c50), stage 1 (c42, c44, c46, c47, c49), or stage 2 (c31, c32, c33, c34, c35, c39). However, similarity in the history of N loading to the catchments, the regional climate classification, the forest classification, the forest species, and the forest age all indicate that these catchments are at the same stage of N saturation. This observation emphasizes a potential problem with interpretations based on catchment studies (i.e., paired-catchment analyses) and of scaling studies (i.e., there is a range of responses at the catchment scale that must be integrated to the regional scale). We applied the concept of functional similarity in the export of NO 
